Aim: Recognizing the paucity of data regarding the incidence of cardiovascular abnormalities in severe primary hyperparathyroidism (PHPT), a prospective study was done for left ventricular (LV) systolic and diastolic function by echocardiography in patients with hyperparathyroidism (HPT) before surgery.
INTRODUCTION
In recent decades, PHPT has changed its clinical presentation from a disease with bone and renal involvement ORIGINAL ARTICLE 10 .5005/jp-journals-10002-1209 wjOEs to a frequently asymptomatic disorder detected on routine biochemistry. Unlike in developed countries, we in India continue to see the advanced form of skeletal and kidney involvement in these patients. Our patients are also younger and vitamin D deficient. The review of English literature revealed that there are limited data on the incidence of cardiovascular abnormalities in severe HPT and there is sparse evidence of increased risk from cardiovascular disease in HPT.
The first suggestion of a link between HPT and increased cardiovascular risk appeared in 1985. 1 The HPT has been thought to be associated with increased risks of death from cardiovascular disease, 1-3 hypertension, 4 left ventricular hypertrophy (LVH), 5, 6 calcific deposits (valvular and myocardial calcifications), 6 ,7 impaired vascular reactivity, [8] [9] [10] alterations in cardiac conduction, and impaired glucose metabolism. 11 The nature of some of these associations is in question, because cure of HPT does not lead to improvement of the cardiovascular disorder, e.g., hypertension. Some authors claim that the increased risk of death would not concern the patients of today, who usually have very mild disease, and they suggest that patient series demonstrating increased mortality from HPT are historical.
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This prospective study aims to document the anatomical and functional cardiovascular abnormalities and conclusively assess the role of echocardiography for cardiac evaluation in HPT patients.
MATERIALS AND METHODS
Eighteen consecutive patients of HPT admitted for surgery after biochemical diagnosis in the Department of Endocrine Surgery between April 2004 and April 2006 were included in the study after obtaining verbal informed consent. The control group consisted of ageand sex-matched healthy hospital staff.
All patients underwent clinical, biochemical, and radiological assessments to establish the diagnosis of HPT. Duration of illness was for 9 months (5-26 months). There were 8 male and 10 female patients and age was 38.61 ± 12.514 years (15-64 years). All patients underwent detailed echocardiography preoperatively. Echocardiography included an M-mode, two-dimensional, color wjoes and Doppler (continuous and pulse wave) examination. Images were obtained on a Hewlett-Packard Sonos 5500 with a 4 MH transducer. Recordings were performed with subjects in the supine or left lateral positions. M-mode tracings were obtained at the level of tips of mitral leaflets in parasternal long axis position and measurements of left ventricular end-systolic dimension (LVESD) and LV end-diastolic dimension (LVEDD) were performed according to the recommendations of the American Society of Echocardiography. The left ventricular enddiastolic and end-systolic volumes (LVEDV, LVESV) were calculated from the apical four-chamber view, using the ellipsoid single-plane algorithm. The end-systolic and end-diastolic frames from five consecutive beats were selected and the endocardial outlines were traced. Mean LV volumes and EF were automatically calculated using in-built software in the echocardiography system. Cardiac output was measured by multiplying heart rate with stroke volume.
The LV diastolic function was assessed by measuring the mitral flow velocity recorded in the apical fourchamber view. The pulse Doppler sample volume was placed in the LV inflow tract at the level of mitral leaflet tips and three consecutive measurements were averaged.
Isovolumic relaxation time (IVRT) was measured in the apical five-chamber view with the sample volume placed between the aorta and mitral valve where the recordings of both valves were taken simultaneously.
Statistical Analysis
All data are expressed as mean and standard deviation. Student's t-test was used for intergroup comparisons. Pearson correlation coefficient test was used to assess the degree of association between different variables. Comparison was done by analysis of variance to see the significant difference among the groups (p < 0.05 taken as significant).
RESULTS
The study population included 18 patients with HPT (8 males, 10 females). The mean age of the patients was 38.61 ± 12.514 years (15-64 years). The mean concentration of hemoglobin in patients was 10.4 ± 1.8 gm%. None of the patients had any symptoms related to cardiovascular involvement nor were there any abnormal auscultatory findings among them. Seven patients (38.8%) were found to be hypertensive preoperatively, and they were not on medications. The systolic (131.33 ± 11.1 vs 106.05 +5.10 mm Hg, p < 0.001) and diastolic BPs (85.67 ± 6 vs 63.16 + 6.08, p < 0.001) were significantly higher among patients with HPT as compared with the corresponding values found in controls, though the absolute values were within the normal limits for this population. Resting heart rates were also higher (85.21 ± 9.57 vs 79.9 ± 6.14 beats per minute, p = 0.02) among the patients as compared with controls. Mean preoperative serum calcium was 12.5 ± 1.41 mg/dL, while mean serum intact parathyroid hormone (PTH) and total alkaline phosphatase levels were 17-fold and 12-fold higher than normal respectively (1292.06 ± 959.097 pg/mL and 1293.72 ± 1329.638 IU/L). These patients had no obvious bone disease; however, all these patients had changes in hand X-ray. The serum creatinine was 1.289 ± 0.6125; however, 7 patients had creatinine levels >2.5 mg. Serum vitamin D (calcidiol) level was 14.8 ± 16.9 ng/mL (2.3-74.9). Thirteen patients had serum vitamin D levels less than 15 ng/mL. The mean parathyroid gland weight was 8.12 + 11.8 (1-52) gm. Other biochemical parameters are shown in Table 1 .
Patients with HPT had significantly higher LVESD and LVEDD (Table 2 ). In view of the enlarged LV size, patients with HPT had significantly higher LVEDV and LVESV. Though EF was within the normal range, the values were lower among patients with HPT as compared with controls ( Table 2 ). The stroke volume and cardiac output were comparable between the two groups. Differences were observed in almost all diastolic parameters in patients of HPT as compared with controls (Table 3) ; however, the small sample size could probably account for lack of significant difference. There was no correlation between diastolic parameters and levels of serum calcium, PTH, and 25-hydroxy vitamin D (25-OHD). The various LV diastolic function parameters are indicated in Table 3 .
Peak transmitral early filling (E) velocity was lower and peak atrial filling (A) velocity was higher among the patients with HPT. This was also reflected by the E/A velocity ratio, which was significantly lower among patients as compared with the healthy population. Though E wave velocity time integral (EVTI) was similar in the two groups, patients with HPT had a much higher A wave VTI (AVTI) when compared with controls. This led to significantly lesser EVTI/AVTI values in patients with HPT. Eat, Aat, and E duration were significantly lower and Edt was significantly longer among patients as compared with controls (Table 3 ). The IVRT was significantly more prolonged in patients with HPT, though the absolute mean values were still in the normal range. Though pulmonary vein systolic (PVS) peak velocities were comparable in the two groups, pulmonary vein diastolic (PVD) peak velocities were significantly higher among patients, thus leading to much lower PVS/PVD ratios in the patient population.
None of the patients had aortic or mitral valve involvement or valvular and myocardial calcifications. The mean left atrial size (37.3 ± 5.1 vs 37.4 ± 4.9 mm, p = 0.9) and mean aortic dimension (27.1 ± 3 vs 24.9 ± 5.1 mm, p = 0.4) were also comparable between the two groups. Lack of any significant aortic valvular involvement was also borne out by the fact that the mean aortic annulus (22.8 ± 2.5 vs 21.9 ± 4.1 mm), mean aortic velocity (1.29 ± 0.2 vs 1.17 ± 0.2 cm/sec), and mean aortic VTI (23.1 ± 5.7 vs 22.7 ± 5.2 cm) were not significantly different among the two groups.
DISCUSSION
The first suggestion of a link between HPT and increased cardiovascular risk appeared in 1985. 1 Several studies done between the 1950s and 1980s attributed the increased mortality in HPT patients to cardiovascular disease. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] However, due to change in the presentation of HPT to a more milder or asymptomatic disease, subsequent studies refuted the claim. 12 In India 13 and other developing countries, the severe form of HPT is still seen. In the present study, all patients had severe disease as evident from Table 1 . We have documented the echocardiographic findings utilizing the latest generation machine to document the cardiovascular functions and myocardial or valvular calcifications. The BP has been found to be elevated in HPT, but the causes are controversial. Potential mechanisms producing hypertension (BP > 140/90 mm Hg) include wjoes increased blood calcium levels, elevated intracellular calcium, increased PTH, raised plasma renin activity, and hypomagnesemia. Our study demonstrated that patients had significantly higher systolic and diastolic BPs as compared with controls. Since hypertension is an important cause of cardiac mortality in adults with HPT, our finding of HPT patients having higher BPs as compared with controls, despite being in the normal range, assumes importance. Gennari et al 4 studied
34 patients with HPT due to a parathyroid adenoma. Ten patients were hypertensive. Before parathyroidectomy, no significant difference was observed between normotensive and hypertensive patients in circulating levels of calcium, intact immunoreactive PTH, and daily total urinary catecholamine excretion. In contrast, plasma renin activity and plasma aldosterone levels were higher in hypertensive patients. After surgery, serum calcium and intact PTH levels were reduced to normal in all patients, while BP, plasma renin activity, and plasma aldosterone levels became normal in 8 of 10 hypertensive patients. These results are consistent with the hypothesis of a direct effect of PTH on renin secretion, which could contribute to the pathogenesis of hypertension. The LVH has been found to be a strong predictor of cardiovascular morbidity and mortality.
14-17 A high prevalence of LVH (>60%) has been reported by some authors in both hypertensive and normotensive HPT patients. 6, 7 Also, recently, it has been shown that increased large artery stiffness is an important contributor to the development of cardiovascular disease. 18, 19 In our study, 5 patients (27%) had LVH and two out of these were normotensive, suggesting that HPT per se may contribute to LVH independent of hypertension. It has been suggested that PTH per se plays an important role in the maintenance or progression of hypertrophy. 20 However, in our patients, despite very high PTH levels, cardiac hypertrophy was not common. The LVH is often accompanied by an impaired filling of the heart during diastole. In our study, we documented diastolic function by observing mitral inflow signals (VTIs, acceleration, and deacceleration time, and ratio of these parameters) along with pulmonary flow velocity, which are relatively immune to the filling conditions of the heart. Ours is the first study that documents the diastolic functions utilizing several parameters. Though Stefenelli et al 6 found diastolic dysfunction in 69% of their hypertensive patients as defined by mitral inflow ratio velocity, which may be altered by the age-related impaired filling as the mean age of their patients was 61.2 ± 13.9 years, we have documented that mitral inflow E/A ratio was 1.32 + 0.16 compared with 1.76 + 0.15 in control group, which is a more sensitive indicator of impaired diastolic function. We have also documented that pulmonary systolic and diastolic filling velocity ratios were comparatively lower in cases of HPT (1.25 + 0.14 vs 1.34 + 0.18; p = 0.004), signifying stronger correlation with diastolic dysfunction independent of filling conditions of the heart. Since the mean age of our patients is 38.61 ± 12.514 years, it can be safely presumed that impaired filling pattern observed in our patients may not be related to age, but is a direct sequlae of PTH in HPT patients. The other contentious issue is of valvular and myocardial calcifications in HPT patients. A high prevalence of these calcifications (62-74%) as detected by echocardiography has been previously reported. 7, 8 Lack of calcification in our study can be explained by the fact that our patients were younger (38.61 ± 12.51 years) and we probably had stricter criteria for calcifications than previous studies. Also, we used an echo machine HP 5500, which has a better resolution. In a recent study by Farahnak et al, 21, 22 they concluded that mild HPT patients did not differ from healthy controls for cardiovascular risk and observed no differences in systolic or diastolic functions or in cardiac morphology between the PHPT patients and the age-matched healthy controls. At baseline, the level of 25-OHD was significantly lower in patients in comparison with controls (40.1 ± 16.5), but still very high from our patients. Another study from Israel 22 in severe PHPT patients did not find any beneficial effect of parathyroidectomy on cardiovascular risk. In our series, there was no significant increase in the LV systolic dimensions, volume, and LV EF, but there was a trend of higher values not reaching a significant level. Ishay et al 23 evaluated the effect of parathyroidectomy on metabolic abnormalities associated with cardiovascular disease. A total of 34 patients with HPT underwent assessment before and 1 year after successful parathyroidectomy. They measured serum lipids, glucose, insulin, uric acid, calcium, PTH, C-reactive protein, and bone density. They concluded that surgical treatment had no beneficial effect on cardiovascular risk, as assessed by the metabolic syndrome and insulin resistance markers.
In conclusion, the LV systolic function does not seem to be affected by the HPT, whereas there is definite
